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I. INTRODUCTION 
The Hess-Lancaster Test is a quick and easy test to 
measure subjective phoric or tropic angles and to test 
for commitancy. The test as it is currently run, at least 
in our optometric clinic, is not as valuable a s  it could 
be. The test as it should be run would have the patient 
at a fixed distance w ith a chin rest and head rest for 
support and alignment. The patient would be wearing red­
green glasses and would fixate a red or green light held 
by the examiner. The subject would hold the other light 
and would be asked to align it with the examiner's light. 
preferably the lights should be streaks so that cycle dev-
iations could be measured. As commonly run in the clinic. 
however, spots of light are used and the patient may be 
standing or sitting, but without a head rest or chin rest 
to keep the head aligned. Also an inherent problem with 
even a properly set up Hess-Lancaster Test is that both 
the examiner and patient are holding light sources so that 
an unsteady hand can give constantly varying readings. 
This makes it especially difficult to use the test on young 
children for whom the test could be a valuable tool; even 
moreso for the ones that may have some motor diffulties. 
In an attempt to correct some of the inherent short 
comings of the Hess-Lancaster Test and to standardize the 
way the test is performed, at least in this clinic, we 
'I'l'Vi 
have adapted the B & L AUTOPLOT so that it can be used 
( 1) 
for performing the Hess-Lancaster Test. 
The examiner's light is a source that is mounted on 
TWi 
the AUTOPLO'r table itself and can be aimed and set at 
T.M 
any position on the AUTOPLOT screen. Since the patient's 
TM 
light is controlled by the AUTOPLOT arm we have also set 
up standard testing positions and have thus been able to 
develope a recording form that can be positioned where the 
'rlVl 
normal AUTOPLOT recording form is placed. Advantages of 
this modification s hould be: 
1. 
2. 
J. 
5. 
6. 
Provi.din,g a standard test distance since the J'.)atient 
would be
-
seated with his chin in the AUTOPLOTTM chin 
rest. 
Providing a chin rest so that head movements are con­
trolled. 
Since the patient's �ight would be controlled by the 
arm on the AUTOPLOTTivl , this should stabilize the pat­
ient• s light source and reduce the variability of the 
test due to patient's hand movements. 
The examiner's light is also stationary, not hand held, 
thus eliminating variability due to any examiner 
unsteadiness. 
The entire apparatus is simple to set up. and since TIV' many practicing optometrists currently have AUTO PLOTS , L
there should be minimal expense to set up the test. 
Since the unsteadiness of the light sources will be 
eliminated, the patient should have more confidence 
in his judgements; which should result in a faster 
and more accurately run test. 
Very little time will need be spent recording since 
transfer from the test chart to recording f qrm would 
be automatically performed by the AU'!IOPLOTTJ.Vl apparatus. 
A literature search has failed to come up with any 
previous attempt at such a modification. Before a dis-
cuss ion is begun conceL�ning our proposed modification, it 
{2) 
is necessary to understand how a properly run Hess­
Lancaster Test should be performed. R. Hugonnier1 et. 
al. gave an in depth description of the properly run test. 
That methodology will be briefly summarized here. 
The Hess-Lancaster Test is a test to measure the sub-
,jective angle of deviation11 whether it be a phloria or a 
tropia.. The patient wears a red lens before one eye and 
a green lens before the other eye. The patient is seated 
with chin in a chin rest a.nd head against a head rest so 
that there is minimized head movement, and he should be 
at eye level with the center of a screen that is one meter 
away. The standard Lancaster screen is two meters by two 
meters and is divided into fourteen centimeter squares so 
that at the one meter distance each square corresponds to 
fourteen prism diopters or eight degrees. Usually there 
are smaller divisions of seven centimeter squares so that 
each small square corresponds to seven prism diopters or 
four degrees. 1rhe two by two meter chart is more than 
large enough. Hugonnier1 et. al. stated that a chart 1.2 
meters by 1.2 meters is sufficiently large in most instan­
ces. 1.rhe examiner holds a light source that pro;jects a 
red or green streak that is three to four centimeters long. 
Since the patient is wearing red-green glasses, only one 
eye will see this projected streak. The other eye sees a 
streak that is held by the subject. The subject is then 
asked to place the streak he controls on the streak that 
the examiner controls, Since dissociation will make the 
( }) 
streaks appear to the subject to be superimposed when they 
are each on the visual axis of the particular eye that 
views them, the separation of the two streaks on the chart 
then gives a measure of the subjective angle of deviation. 
(For example: If the streaks on the screen are separated 
by 14 centimeters, and the subject is 1 meter from the 
screen, his subjective angle is 14 prism diopters or about 
8 degrees.) The test is performed first in the straight 
ahead position and then in six cardinal positions of gaze. 
Hugonnierl et. al. use positions fifteen degrees to either 
side of the central fixation point, and finds this to work 
best in most cases. These positions are illustrated in 
Figure 1 below. 
• 
i 
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Figure 1. Hugonnier's suggested 
positions for the cardinal 
positions of gaze. 
As explained earlier� if the patient is located one 
meter from the screen, a separation of one centimeter on 
the screen corresponds to an angle of one prism diopter. 
(4) 
Since one d�_
g-ree is equal to 1. 74 .5 pr ism diopter, an angle 
of fifteen degrees is approximately the same as 26.2 prism 
diopters whi.ch corresponds to a separation of 26.2 centi­
meters on the screen one meter away. The test as it 
actually should be run begins before the red-green glasses 
are placed on the subject. The examiner will occlude one 
of the patient's eyes and the subject is asked to align 
the streaks monocularly. That the streaks must be para­
llel is stressed here� If the patient has successfully 
superimposed the streaks, the examiner knows the subject 
understands the task he is to perform and the actual test 
can be run. 
The test is first run centrally and then in the six 
other cardinal positions of gaze. At each position the� 
examiner plots both the position of the patient's light 
and his own light on a graph as they appear on the screen. 
II. DEVELOPMENT OF' THE RECORDING FORM 
The advantages that can be gained by modifying the 
AUTOPLOT™ to perform Lancaster testing have been previously 
discussed. These advantages stem from two main alterations 
to the standard Lancaster 'rest. First, the patient will 
control his light with the AUTOPLOTTM a.rm allow�ng him to 
rest his forearm against the AUTOPLOT™ itself for support. 
Being able to move this light source in the same manner as 
a pencil is moved across a page, it can accurately and 
(5) 
0 (6) 
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easily be positioned at any point desired. Secondly, once 
the patient has aligned the targets, the recording is per­
formed instantly by marking the position of th e AUTOPI,OTTM 
arm on a recording form which is placed on the AU·TOPLOTTM 
in the same manner as the regular AUTOPLOTTM field testing 
recording form. The recording f orm we are presently using, 
as depicted in Figure 2, was developed as follows: The 
AUTOFLOT™ was positioned so that a sub j ect seated before 
the AurroPLOTTM with his chin on the chiri rest would be 
consistently one meter from the AUTOPLOTTIV'. screen. 'rhe 
table on which the AUTOPLOT™ rests was then marked so 
that the AUTOPLOT™ could be returned to this exact position 
if ever bumped or moved. With the AUTOPLoT™ placed at this 
one meter distance, a separation of one centimeter on the 
screen corresponds to one prism diopter; and one degree cor­
responds to 1.745 centimeter. Two points were then marked 
on the screen at a separation of 15 degrees (26.2 cm). The 
AU'l10PLOT1'lVi light was then turned on, and the recording f orm 
marked, at each of these points. The distance separating 
these two points on the recording f'orm was then measured and 
found to be 5.34 centimeters. Since a 5.34 centimeter move­
ment of the AUTOPLOT™ arm corresponds to a movement of 15 
degrees on the screen, we could derive a c onversion factor 
relating the angular subtense of the two points on the 
screen to their separation on the recording form. Using 
this conversion factor we developed the form shown in Figure 
2. It is essentially a graph with 5 degree separations. 
Separations were marked in degrees since we used testing 
(?) 
positions separated by 15 degrees as laid down by Hugonnierl 
and depicted in Figure 1. 
r.rhese positions, which correlate with the positions used 
as standard testing positions on the screen, are each circled 
on the recording form and are the points from which angles 
are measured. So in essence these posit ions on the recordirtg 
form represent the positions of the examiner's light on the 
screen. 
In order to use the graph as designed, it is essential 
that, prior to testing, the examiner's light be positioned 
on the screen in the exact position that corresponds to the 
testing position on the recording form. If this procedure 
is followed, all that need be done in recording is to mark 
the position of the patient's light. Since the patient's 
light is the AUTOPLOTTi\'i light, being controlled by the 
AUTOFI,OTTM arm, all that need be done in recording is to 
mark the final position of the AUTOPLOT™ arm on the recording 
form in the same manner as one records positions during 
standard AUTOPLOTTM field testing. The angle in degrees can 
then be read directly from the graph. These readings will 
be an accurate meas�re of the angle. provided the examiner's 
light is properly positioned on the screen. To assure that 
this is done, these positions were marked directly on the 
screen. 
III. Au·roFLOTT�; SCREEN MODIFICATION 
For the purpose of our study we used a window shade as 
a screen and mounted it on the top of the AUTOPLOTTM screen. 
{8} 
This second screen was mounted since during the developmental 
stages of our study we did not want to make alterations to 
'l'il'! • the AUTOPLOT · screen itself. This screen is simply dropped 
in front of the AUTOPI,OTTM screen when used for performing 
the Lancaster, and dropped behind the AUTOPLOT
rrM screen when 
normal field testing is being performedc On this simple 
screen we marked the standard testing positions upon which 
the examiner's light is placed during testing. To assure 
that these positions were accurately located and correlated 
with the positions marked on the recording form, they were 
located by placing the AUTOPLOT™ arm on each test position 
ori the recording form and marking the position of the AUTOPLO'l'T!Vi 
light on the screen. Once these posi trions were marked·. 
we set out to see how much error, if any, would be induced 
in using this recording process. 
Assuming that the AUTOPLOT™ apparatus itself consis• 
tently transfers position of the light on the screen to the 
corresponding position on the graph it would appear that the 
only sources or error would be: (1) Misalignment and pos­
itioning of the AUTOPLOTTM in front of the screen, and (2) 
In the actual marking process where the final position of the 
TN! • AUTOPLOT · arm is marked on the graph. Of these two error 
sources, alignment is easily corrected. 
IV. ALIGNMENT AND ERROH DETERMINATION 
The first step in alignment is to position the AUTOPLOTTM 
at the same distance from the screen as was used to design 
the chart and screen. This position was easily attained since 
(9) 
-it was previously marked before the screen and chart were 
developed. The second and final step is to assure that the 
central fixation mark on the recording form corresponds to 
the central fixation mark on the screen. This is done by 
placing the AUTOPLOTTM arm on the central position of the 
recording form and moving the screen until the AUTOPLOTiI1lVl 
light is located on the central fixation mark on the screen. 
Provided the AUT(l)PL01l.1T.M screen does not tilt or twist, the 
rest of the standard testing positions should now be in 
alignment also. 
To test the errors, if any, induced by the normal 
aligning and recording process the entire system was knocked 
out of alignment by moving the examiner's source, the screen, 
and the AUTOPLOTTM. The test equinM�nt was then realigned 
as previously mentioned. The AUTOPLOTTM light was positioned 
at each testing position on the screen and at each position 
the corresponding location of the AUTOPLOTTfl'l arm was marked. 
The final positions of the AUTOPLOTTM arm should be at the 
standard testing positions on the recording form. 1'he results 
of repeating the above procedure five times are represented 
in Figure 30 As can be seen, there is a spread of points 
of about � to 1 degree about each testing position. This 
amounts to a spread of about 0. 8 to 1. '7 prism diopter. The 
greatest spread is found in the peripheral testing positions 
and the least in the central. At all positions except for 
the lower left testing position the points are evenly dist­
ributed about the actual testing site marked on the graph. 
All points lie within ± 1/2 to 2/3 degree of the actual 
(10) 
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testing position which corresponds to±: .87 tot 1.2 prism 
diopter. This then is the accuracy with which we could expect 
to measure subjective angles using the AUTOPLOT™ as a record-
ing device. 
V. DEVELOPEMENT OF THE LIGHT SOUHCE 
The original testing me thod used by Hess did not employ 
,.., 
light sourcesG. Lancaster was the first to develope a tech-
nique for p rojecting red and green slits onto a s creen3. 
Sources can now be custom-made or obtained commercially. 
Presently in use in our c linic is a commercially available 
device called the Strabismometer4• This employs as sources 
two specially made flashlights which project a combination 
spot and streako This device and the target it projects is 
shown in Figure 4. The inherent problem found with any hand­
held arrangement is that any unsteadiness of hand or body can 
lead to an erroneous measurement of the subjective angle. A 
better arrangement, eliminating the p roblems of handheld 
flashlights, is a ball and socket arrangement as shown in 
Figure 5. This easily facilitates moving and setting the 
source to any desired position on the screen, allowing the 
examiner more freedom during the testing to observe both the 
screen and the subject. A device like this is present in our 
� . . 5 ci1n1c • At the time of this writing we do not know if it 
is commercially available, 
We sought to develope a streak. light source that could 
be used on something similar to the balL and socket arrange­
ment. In addition,we needed a source bright enough to assure 
(12) 
iFigure 4. Strabismometer and target. 
Figure 5. Ball and Socke:t Arrangement 
( 13) 
visibility to both the examiner and subject. The flashlight 
wands of the Strabismometer5 in our clinic projected spots 
that were much too large compared to the size of the AUTOPLOTTM 
light source. The ball and socket type arrangement projected 
the irregular images of the filaments of the light bulb used 
as the source, so it was not readily usable. The problem 
with developing our own source was that either the filaments 
of the light bulb source would be imaged on the screen or 
else the light projected would be too large. After attempt-
ing a number of different sources and setups we ended up 
utilizing the light source of a Copeland 360 retinoscope 
that can be removed from the scope body. This source, com­
bined with a condensing lens, projected a streak of the size 
and intensity we desired. This arrangement is depicted in 
Figure 6. One of the main reasons for utilizing this partic-
ular source is that most Optometrists already have at their 
disposal a retinoscope. We used the Copeland J60 because of 
the ease in removing the source from the scope body, but 
other scopes could be as easily adapted. The housing for the 
�ource contained a filter, a condensing lens, focusability, 
and a means to rotate the streak to any desired orientation. 
It was mounted on a platform that allowed movement in both 
the horizontal and vertical planes similar to a ball and 
socket type arrangement. This made it possible to position 
the projected streak at any position on the screen and main­
tain it there while the subject positioned his light source. 
The subject's light source is· that produced by the 
AUTOPLO'l1TM. The Au·roPLOTTM projects either white, red, or 
(14) 
Figure 6, Author's light source 
arrangement • .  
( 15) 
green spots of light anywhere from .5mm to 10mm in diameter. 
Ideally we wanted to project a streak of light, so were faced 
with the problem of converting the sopt of light projected by 
the AUTOPLOTTM to a streak of light. We investigated two 
possibilities, both utilizing a maddox rod. The first of 
these possibilities was to simply place a measuring maddox 
rod in front o f  one of the patient's eyes. This converts 
the projected spot to a line for the patient, but the examiner 
still sees only the spot on the screen. Theoretically. if 
the examiner's streak is vertical, any cyclo deviation can 
be measured by noting the reading on the measuring maddox 
rod. The main disadvantage to this setup is that the examiner 
loses some patient control since he cannot see the patient1s 
streak, a.nd care must be taken to make sure the patient's 
head is not turned or tilted behind the maddox rod. A second 
possibility was to place the maddox rod in front of the 
AUTOPLOTT� source itself� The problem encountered here is 
that since the source is centrally located and the screen is 
a plane surface, the streak projected rotates as it is moved 
away from the center of the screen. This would not be a real 
problem since the streaks need not be vertical to test cyclo, 
and only the angle they intersect is of importance in the 
cycle measurement. The problem arises in that the subject 
cannot control the rotation of his streak and :i.n order to 
maintain alignment in our setup the examiner's light would 
have to be rotated. In addition to this problem, the streak 
produced by the maddox rod was about four times larger than 
the streak produced by our examiner's light source which makes 
(16) 
it hard er for t h e  pat i ent t o  j udge wh en the s tr eaks are 
al i gned v e rt ically . 
Due to th e ab ove prob l ems �nd s in c e  th e Lanc a s t e r  i s  
generally run w i th out c ons iderat ion for cyc l o  m easur ement s 
we aban d on d e d  th e u s e  o f  s tr e aks in our fea s ib il ity s tudy . 
S p o t s  o f  l igh t a l l ow f or qu i c k  and e a.sy measurements o f  
l a t e ral and v e r t i c a l  d ev ia t i on s , and b y  m e a s u r ing th e s e  angl e s  
in th e var ious f ie ld s  o f  ga z e  a d e t e rmina t i on o f  c ommi tanc y 
c an b e  j u d ge d .  
S inc e we had already d evel ope d a s tr e ak s our c e  t o  b e  
u s e d  a s  a n  e xamine r ' s l igh t , we m o d i f i e d  it to pr o j e c t  a 
s tr e ak with a gap in the c enter . Th e sub j e c t  pl a c e s  h i s  
spot o f  l igh t in t h e  gap o f  t h e  s treak and b oth l a t e ra l  and 
vert i ca l  me a s urements are obta inabl e .  
VI . PROCEDURES 
Our ma in c onc e rn in th i s  study was to f ind out h ow w e l l  
th e f ind ings a s  shown o n  th e s c r e en w e r e  tran s po s e d  t o  t h e  
r e c ord ing form . W e  t h u s  want e d  t o  c ompare th e angu lar s e p­
ara t i on both lateral l y  and vert ically o f  the po ints on t h e  
s cr e e n  t o  th e '  s e para t i on r e ad o f f  o f  the r e c ord ing form . 
S inc e th e s c r e en was 1 m e t e r  from the pat ient , a 1 c entimeter 
s e parat ion of po ints on th e s cr e e n  c orre spond s t o  an angl e 
of 1 pr i sm d iopter , and th e s e parat i on o f  any two po in t s  on 
th e s c r e e n  in pr i sm d i o p t e r s  i s  e a s i l y  ob ta inab l e  by mea suring 
th e ir s e parat i on in c ent ime t ers . I n  th i s  manner th e a c tual 
s c r e e n  mea sureme n t s  were obta ine d and re c ord e d  in the pos i t i on 
s o  d e s igna t e d  on th e r e c: or d ing f orm . A c ompar i s on c an t h en 
( 1 7 )  
b e  mad e b e tw e en the s e  f ind ings and those ob ta ined from the 
rec ording form . Table 1 s hows the d if ferenc e s  b e tween the 
measurements te c orded o n  th e rec ord ing form and the measur e ­
ments taken d ir e c tly from the screen . The record ing form 
find ings are interpr e t e d  by us ing the graph on which the 
f ind ings are marked , and not ing the d i s tance from the s tand ­
ard t e s t ing pos it i on . These f ind ings were interpreted to the 
neare s t  t e nth de gre e and marke d in the place prov i d e d  on the 
r e cording form . The s e  we re th en c onver t e d  to pr i s m  d iopters 
so that a d irect compar i s on c ou l d  b e  mad e  be tween thes e 
f ind ings and -thos e obtained from actual s cr e en measur ements . 
Th e ac tual t e s t ing proc e d ure s fol l ow e d  were s im i l ar to 
thos e previously de s c r ib e d  for running th e Lan c a s t e r  t e s t . 
Monocularly ,  and w i thout r e d -gr e en glas s e s on . the pat i ent 
was asked to gr i p  the penc i l  s upport of the AUTOPLOTTivi arm . 
and u s e  i t  to move the r e d  d ot on the s c reen , and place the 
red d ot in the gap of the green lin e . Th e pat i ent was the n 
told that th i s  was wha t  w e  wante d h im to d o  onc e th e actual 
tes t ing b e gan . , Hed -gree n  glas ses were then placed on the 
the pat i en t  with t he red lens b e f ore the r ight eye . The 
exam ine r ' s  gre en s treak was plac e d  on the c entral t e s ting 
pos i t ion marked on the screen and th e pat i ent was ins t ru c ted 
to plac e h is/her red d ot in th e gap of the green s tr eak as 
he had pr ev i ously been instr u c ted to d o . Hav ing accomp l i she d 
th i s , t h e  final pos ition of the AUTOFLOTTM arm was r e c or d e d  
o n  the r e c ord ing form by e i ther the exam iner o r  the pati e nt , 
and th e ac tual s cr e en measur ements were taken t o  the ne are s t  
i pr ism d iopter , and rec orded b y  measur ing t h e  lateral and 
{ 18 )  
-
vertical s eparation of the points on th e screen as prev iou sly 
d iscussed . Th i s  b e ing d one , the examiner ' s  l igh t was moved 
to one of th e s ix oth er t e s t ing pos i t i ons marke d  on the screen .  
Th i s  pro c e s s  was repeated unt il the t e st had be en run at each 
o .f the standard t e st po s i t i ons . At each pos it ion �  onc e align­
ment was obta ined , the pos it i on of the AUTOFLOTTM arm was 
marke d and ac tual screen measurement s taken c At e ach t e s t ing 
po s i t i on care was taken to make sure the pat i ent ' s  h ead 
remained in the straigh t -ahead pos ition .  Throughout th e 
te s t ing , obs ervat i ons were made as t o  advantages and d isad -
vantage s of u s ing th i s  method to perform th e Lancaster s o  
that a d e termination of' its  prac t i cal ity and feasab il ity 
c ould b e  reached . 
V II .  RESULTS AND DISCUSS I ON 
S ix pat i ents were t e s t e d  us ing th e previously d iscus s e d  
pro c e dure . The s e  c on�isted  of four mal e students ( ages  2 5-Jl ) ,  
one woman ( age 22) , and one g irl ( ag� 5 ) . Th e data she e t s  
for each of th e s e  sub j e c t s  are shown in F i gur e s  7 - 1 2 .  Our 
ma in c onc ern was to compare the ac tual s creen measurements 
to tho s e  obta ine d from the rec ord ing f orm , and to s e e  what 
\ 
d i f f e renc e s  exis te d .  The s e  d i fferenc e s  for each pat i ent a t  
e a c h  test ing pos ition are shown in Table 1 .  Re call that we 
had prev i ously d e termine d that we could expec t an error of  
± . 8 7 to 1 . 2  pr i sm d iopter due to the  ins trument al igning 
and ac tual rec ord ing proc edure s  .. ( s e e  page 1 0  and Figure 3 on 
page 1 1 ) .  From 1rable 1 f wh i ch l is t s  d i fferen c e s  1.n both th e 
hori z.ontal and vert i c al measurements , it can b e  s e en that all 
( 1 9 )  
UPPER LOWER UPPER UPPER 
SUBJEC•J CENTRAL LEFT LEFT LE FT RI.GHT R I GHT R IGHT 
BF 0 . 44-h 0 , 28h 0 . 20h O � JOh o . 28h 0 . 2 0h O . JOh 
o . 00v 1 , 2 2v O . ? Jv o . 98v o . r Jv O . O O'll O . ? Jv 
BG N O  DI FFERENCES 
-
LB O . l Oh o .  08h i 0 . 2 0h o ., 58h 0 l Oh o . 4oh o .  58h 
o . o ov o .  ? J:v- 0 50v o . 4Bv o . oov o •. oov ' 0 . 24v· 
' I 
Ll'i� I O . J9h O . l Oh O .. O Oh 0 . 12h o .  39h ' o , .4 6h 0 . ?8h 
O � O Ov o . o ov O . J Ov O . JO v  O . }Ov o . 6 1v o . o6v 
-
JB o . 2 oh O . l Oh 0 . ! Oh 0 . 2 0h 0 . 2 0h o . 4 oh 0 . 7 0h 
O . JOv o . e 0v  0 l Ov o . sov o . 5o v  o . 4 ov 1 .  Q ()v  
_ , L 
E'B 0 . 20h 0 . 2.Bh o . 2 8h 0 . 40h 0 . 20h o .  50h O . JOh 
I o . o ov o . 25v o .. oov o . 5ov o .  50v 0 50v o .. oov 
Tab l e  1 .  D ifferenc e s  betwe en m easurements r e c orded on the 
r e c or d ing form and measurements taken d ir e c tly 
from th e scre en . 
All value s  above are in pr i sm d i opters . 
( 2 G )  
h == hor i z ontal 
v - vert i c al 
I 
-
d if fe renc e s  l i e  w i th in the error range pre d i c ted . In fac t , 
exc e pt f or d ifferenc e s  r e c orded in sub j e c t  BF ' s  l e ft f i e l d  
o f  gaz e , all d ifferen c e s  are l e s s  than or equal t o  1 . 0  pr ism 
d iopter . It i s  int ere s t ing to note that th e d iffe renc e s  
found in lateral measurement s are generally l ower than tho s e  
found i n  th e ver t ical measurements .  Exc ept f o r  t h e  d if f e r ­
enc e of 0 . 78 prism d i opter found in sub j e c t  LM ' s  l ower r ight 
f i e l d  of gaz e  and th e d ifferen c e  of 0 . 7 0 pr ism d i opter found 
in JB ' s  l ower r ight f i e l d  o f  gaz e , all horizontal d i fferenc e s  
are l e s s  than 0 . 60 pri s m  d io pt e r . Verti cally 1 0  o f  th e 42 
d ifferenc e s  shown in Tabl e 1 a.re above th i s  o . 60 pr i sm 
d i opt er f i gure but only 3 are above o . 8 0 pri sm d i opter and 
only 1 above L 0 0  pr i sm d i.opter . 
U s ing the s e  d ifferenc e s  i t  is pos s ib l e  t o  s ay that on 
the a c tual t e s t ing proc e dur e s  the errors · il'l:d u ce d  dur ing th e 
r e c ord ing proc e s s  were on th e order of ± o . 8 0 pri s m  d iopter 
for l ateral measur ement s and t 1 . 0 0 pri sm d i opter for vert i cal 
measurements . The s e  c orre late well with th e pre d i c t e d  valu e s  
of t o . 87 t o  1 . 2 0 pr i s m  d i opter . The s e  error f i gures can b e  
a b i t  mislead ing e spec ially in the c a s e  o f  th e vert ical error 
of :t 1 . 0 0 .  It would appe ar that if one angl e measured was 
in err or by 1 . 00 pri sm d io pt er in one d irec ti on ,  and ano th e r  
angl e i n  a d if f e r ent f i e l d  o f  gaz e  was i n  e rror b y  1 . 00 pr ism 
d i opte r  in th e oppos i t e  d ir e c t i on �  the s e  would then b e  a 
d if f eren c e  o f  2 . 0 0 pri sm d iopt ers r e c orded b e twe en th e two 
measurements wh ere ac tually no d ifference ex i s t ed . Looking 
at th e ind ividual data sheet s , howev er , i t  i s  apparent that 
th i s  error in the oppo s it e  d ir e c t i on d id not o c c ur for the 
( 2 1 ) 
v�rt ical measurem ent s .  For any given pat ient , i f  there 
e x i s t ed a d if feren c e  b e twe en the r e c orde d  measurement and 
the actu al s c re en measurement , th i s  error was c ons i s t ently 
in th e s am e  d ir e c t ion . �rh i s  error c ons i stently in the s ame 
d ir e c t i on would not affect th e j udgm ent of c omm ita.ncy as 
wou l d  e rrors in oppo s i t e  d ir e c t i ons . 
The que s t ion that th en ari s e s  i s , are th e s e  err ors s ig­
n i f i c ant in d e termining c ommitancy? Griff' in6 s tates that in 
th e d e term ina t i on o f  c omm itancy ,  d i fferenc e s  b e twe en e i th e r  
th e vert i cal or lateral angl e s  measured are not s ign i f ic ant 
unt i l  the y  exc e e d  5 pr ism d iopters . D iffer enc es l e s s  than 
5 pri sm d i opters are s t il l  c ons idere d  c ommi t ant . Th i s  f igur e  
would take int o  a c c ount s l igh t  var iat i on in the angl e s  o f  
c ommi tant ind iv idual s i n  d if ferent f i e l d s  o f  gaz e , s l i gh t  
errors in th e pat i ent v s  plac ing of' one l ight over th e oth er 
in th e  t e s t ing proc e dur e , and th e errors in th e examiner ' s  
judgment o f  th e pos i t i on o f  th e l ight s  as h e  r e c ords the 
f indings . 
I t  is th e errors in examiner j udgments in the r e c ord ing 
pro c e s s  that are e l im inate d  by u s ing the AUTOPLOT™ t o  r e c ord . 
N o  examiner j udgment a s  t o  the l ocat i on o f  th e s po t s  i s  n e e d e d . 
We  d o , h owever , pick up an error in the r e c ord ing proc e s s  as 
s e en in both the pre l iminary t e s t ing of · th e  chart and apparatus ,  
and in the c ompar i s on o f  measuremen t s  taken with instrumentat i on 
t o  t h e  actual s cr e en measur ements dur ing the perform ing o f  the 
t e s t  on pat i ent s . Th i s  e rror , on th e order o f  ± 0 . 60 pr ism 
di opters for lateral measurements and t 1 . 0 0 pr i sm d io pter for 
vert i c al measurements !!  is c ertainly no greater than the error 
(22 ) 
in examiner judgment in th e c a s e  o f  performing the t e s t  
w i th h and h el d  wands wh e re b oth l i gh t s  are s l igh tly wa v e r ing 
and e xaminer mus t  hold h i s  l ight s t eady wh i l e  mak ing t h e  
j udgment and re c ord ing th e d ev ia t i on .  
Th e m o d i f i e d  AUTOPLOT™ t e c hnique , th ere fore . i s  a s  
accurate an ind i c ator o f  c omm itanc y a s  i s  th e o ften u s e d  
h and h e l d  wan d s  m e th o d  o f  perform ing t h e  Lancas ter 'l' e s t .  
V I I I .  ADVAN TAGES AND D I SADVANTAGES 
OF US ING 
THE AUTOPLOT TO PEHFORM THE LANCASTER TEST 
@.VANTAGE§. 
1 .  I t  prov i d e s  a ch in r e s t  f or the pat ient , h e ad 
m ov ements ar e e as ily c ontrol l e d , and a s tandard 
t e s t  d i s tanc e of 1 m e t er c an eas i l y  be obta ine d �  
2 .  The AUTOPLOTTJVi l igh t:: u s e d  a s  th e pat i ent • s 1 i gh t 
produc e s  a s tabl e  br i gh t  spot o f  l i ght . E i ther a 
r e d  or gr e en s pot c an b e  pro j e c t e d . 
J .  N o  extra t im e  ne e d  b e  s pent rec ord irt� . The e n t i r e  
t e s t  can b e  qu ickly performe d ,  s ince r e c ord ing i s  
done au toma t i cally . 
4 .  For th e Optome tr i s t  wh o owns an AUTOPLOTTf\'i th ere i s  
very L ittl e expen s e  involved in adapting i t  t o  per -
form lancaster t e s t ing . For the Optom e tr i s t  wh o 
d o e s  not own the S trab i smome t e r  or another m e ans 
mrv· t o  run th e Lanc a s t er , the AUTOPLO'l' .J.. ·i can e a s ily b e  
adapt e d  t o  perform th i s  func t i on . 
( 2 3 )  
D ISADVAN TAGES 
1 �  S l i t s  are the m o s t  d e s irab l e  target to u s e , but i t  
i s  d i f f i cult t o  c onvert th e AUTOPLO'rTM s p o t  o f  l igh t 
int o a s l i t . Th i s  problem is fully d i s c u s s e d  in the 
pre c e e d ing text s The u s e  o f  spot s our c e s  w il l  a l l ow 
t h e  exam in e r  to d e t erm ine wh e th er a pat i ent i s  c orn-
m itant or not . Th e u s e  o f  s treaks a id s  in d iagn o s i ng 
t h e  par e t ic mu$ c l e  in the event a nonc omm i tancy i s  
f ound . If d e emed ne c e s sary , , th e  exam iner c ould u s e 
e it h e r  o f  th e madd ox r o d  te chniqu e s  as d i s c us s e d  t o  
produc e  th e s treaks n e e de d . 
2 .  Th e r e  i s  a sl ight error o f t 1 . 00 pr i sm d i opter that 
is due to th e r e c ord ing pro c e s s , As prev i ously d i s -
cus s e d  th ough , th e s e  errors are s im ilar t o  th o s e  that 
are obta ined in the u s e  o f  hand held wands to perform 
the Lan c a s t er t e s t s  and would not interfere w ith j udg-
ments o f  c omm i tancy .  
) .  I n  ord er t o  move the l igh t on the s c r e en , th e pat i ent 
mus t move t h e  arm of th e AUTOPLOT
T
M in a d ir e c t i on 
th a t  i s  oppo s i t e  t o  what f e e l s  natural ( r igh t for 
l e f t , up for d o wn ,  e tc . ) .  Th i s  i s  n o t  a probl em f or 
adu l t s  and older ch ildr en ,  but f or younger c h ildren 
pre s ents a m inor d i f f i cul t y .  I f  th e examiner ' s  l igh t 
s ourc e  i s  s imilar t o  th e one we u s e d , and n e e d  n o t  b e  
hand h e l d , th i s  obstacl e  c an b e  overcome b y  th e 
examiner moving th e pat i ent ' s  l i gh t a c c ord ing to t h e  
r e s pon s e s  o f  th e pat i ent . I t  was in th i s  manner that 
we �erformed th e t e s t  on th e _ f ive year o l d  sub j e c t  
( 24 ) 
u s e d  in our s tudy . The t e s t  tak e s  l onger t o  perform 
th i s  way ,  but r e s u l t s  are obta inab l e . Th e t e s t ing o f  
young ch i l dr en i s  al s o  hard e r  w i th hand h el d  wand s 
du e t o  th e inab i l ity o f  the young pat i en t  t o  hold th e 
wand s teady . Th e i d e al arrangement , in the c a s e  of 
youngs t er s , are th e s ourc e s  that are movabl e  by a 
bal l and s o c k e t  arrangeme n t . Our fiv e year old s ub j e c t  
c ould eas ily maneuve r  th i s  l igh t s ourc e ,  but had 
troub l e  maneuve r ing th e AU1I1 0PLO:rT1Vi arm in the rever s e  
d ir e c t i on arrangement prev i ou s ly d e s c r ib e d . I t  should 
b e  ment i on e d h e r e  that the c h in r e s t  o f  th e Aur oPI,oTTivI 
a id ed in th i s  c a s e  to e l imina t e  h ea d  m ovement s ,  
wh e r eas , in the u s e  o f  the ball and s o c k e t  arrangement , 
wh ere th e r e  was no h e a d  r e s t  or c h in r e s t  ava i l ab l e , 
h e ad movements b e c ame a probl em t o  c ontend w i th . 
IX . C ON C LU S I ON 
W e i gh ing advantage s v s . d is advantag e s , and mak ing a c om-
p ar i s on to th e hand h el d  wan d s  and ball and s oc k e t  arrangement 
in our c l in i c s the AUTOPLOT™ adaptat i on is an ent irely f ea s ibl e 
and prac t i c l e  way to perform th e Lanca s t e r  T e s t , and i s  a m e th o d  
that i s  e a s ily av-a ilab l e  t o  an'y Optome tr i s t  own ing an AUTOPLOTTM . 
( 2 5 )  
! l 
t 
I 
( ) . __ 1 ( 26 )  
:-----+------1 ---- -- - --···· 
. 
I 
---1-----j-----t---...,,--+---__!�--- 1 ---I------- --·-··-· -'-··-
I 
+---- -----()-. ·--�--·-� -
-j--i--+-�+---1---l--l--L--� ---�'---- - -
0 lA e, :s· f. L T :  
I 
i -·"-- -----L -___J'-- __.__.J__ _ _ ,_ __ __J___ · - --'-- I ' -� 
I -------
. I  1�--
/ 1 °(0(.o 
/\o Ii..'\" 
\.\'fl'O 
, ,u" (!<to 
, 
" 
• "1 (!;\(\) 
, l.('2,.0 ""' 
�,�9� 
' C\.� o (fv;.._: 
.l.\'2.0 R.'1 
�.v\(O 
A b o v e.  -fi f'- J ; ft �S 1 "  
c\ f c) r � <! s 
I> \ :\  �...-o 
. 
� ·r�c. 
,r 
' .1.:?!: (f{.(1 
I ,t...i' P,"\ 
<.!\"!f'D 
D \ .L\'1 /NO 
I 
I).. vii 910 
.'1�1.:>1<1 
�·-\tio 
. <\'6..;,. rc· ;  .'1 � e> R� 
\l-lt\fO . . !.\\.\PO 
A 't> o v e.  r . ...-. � � � ')s ; (\  
-p ·· i � ,,,._, .&_ 1 o p t -e 1 s  
I 
(:. 
\ S  u i r.) 
r:. t ."5 tv� 
t' c.N o  
':). 
\ ,S e.r ·:J 
. A c..t \.I\�\ S c. r -e <:'. 1'1  VVI e «-5 <A r e �>-< c 
' "  ,p r· i s ,,.,, ) 10�-t e .r s 
() ._j ( 27 )  
Figure 8 
----· I .. · - --- --· ---- ------ ·- ---·--- - - . ---·· ·-·-· ·- �
-
·-··· .. --:-· ·---
-----1------1-------...;_ ------· . 
- ----i-----+-- -+------+------1-- - l------1 -·--· -- ----- - ·-· · · · .-· · ·-··· "-- ·------ ··-·-- - - · 
�-t---+--i. 
-�-t---
-+----+---+(�1----+--1{f) - --- - - - - ---- --
____ l __ _ __ ------ - -- -� - - - �-
----+.__,,---+.---�.......;..----l--- -+----"---1 - __ __  ..._I - - ··-'-·· - · · - · · ------··-· ·-·- -·-·- --·- • 
--i------;t--- --i�·...,....J --+-----+--+---- -l---L--E0---L� --
, _ _ _  _1_ __ ._· - L 
0 v... e, :s- � L T  � t3{_,:i 
A b o v e.. -f1 A <-� • A <j 'S  ' f\.  
c.\ e: c°\ r <'.'. e> S 
< 
I 
I I -__ _ 1 _ _ __ L 
cx�o 
( l 
•. . _ _.I ( 28 )  
F igure 9 
\ 
. 
- ·-·-- - . I · -·-··•·-·· 
,...,.., . .  i··J---41>----!l------i - -
l . -:---r��-r��-t--�-+��-l-��+--�-l.��-1---··--- --·-·· · ··---- .. __ c __________ ---· 
11"\ ,,.,.,. ---t---!---t. \...-i:7·+-!.--l----l--__f_'-LJ1---·--t----+- - { }----:-'- ! ---� -� 
---t---+---+---.--�--�----+----1--�--l--- ·---- -
---i--...,.----t-----1----+----l---',___--1-__::_ _ __(. _____ L _ ___  ._; _ _ _ _ _ __ ___ . --- -·---
I 
I \ ' t  - --;-, .-r-�--j----+-----+-----\-----1-----1-----t- --- � -��------ -----· 
I 
' \ 
\ 
l 
. \-
. • ?.!6° iti 
' >A'-ll'EQ... l� -. :.o· :-----+------+-----1 - , } :'· 
� \-11 ···· -
\ ' 
\ 
\.,�t: e'iO 
• .O.'?."R'\" 
·"'((-Jt;R 
• 
\ ,�\g �'(Q \ .1:\1\o� a"'<'O 
. i.l>"'•<."\" • \>..1.,." 1.�Ji 
Wi<'{"· \."'-1\�X<... 
A b o v e. -f1 A ci 1 fl'jS 1 A 
c\ e. �'l r � e s 
. .  
b . '2.:t (.{'I Q 
:so\ ·\ 
"� ........ 
£:, 
'3 .'--\'2 uv.o 
<.> 
:·n 1n 
\.l� •\'li' 
� � ;, .;.\(. (!_'10 3 ;.n. { ro 
. 1.\1, � R\ . , '2.,1.(1) 1;n 
"Wt,1<. i�.vf'(,� 
A \;, .o v e_ -r. .,.., & ( '."' '.) 5 I " 
'P '- i " ""' J_ , o p t -e 1 s 
\ I 
I 
• 1 
� 
3,S. V.<0 
t), 
L.\ .O U'f<O 
. A l.t \Ai>-� s , r -e e n v\ll e C<.S u. r e w H: 1  
1 1  f r l s ...., j ;o�i- O ' s. 
0 ( 29 )  
F igure · 10 
- ---
--- ------ 1 · --- --- --
,- ---- -
---------- - - - - ·-------- --- -- - �.---:-·------
-
--
\..J+------1-------+------l------1------1------ L ------+-------t---
--- -1------1------+-----+-----+-----+------ ----- ---------
--
--- - -- ---- - -
-
-
--- ----
-
-
--
---+------1------i . ..Jci--1------+-----�-----l�D,----+-------+-- ----()1- ____ ____ ___ _ _ _ _ _  
--,__-----t-----+----�-1-----4-----!-- --
-- I--- ----- ------- -----
-
-
--- -- - ----
---
- -
----- -----
• .� cz�o 
A2." R'T . .�'< 'i'O. 
0 
• 'l'6 (�Q 
. .. 
\ .'\�0(ts0 
.4'2..0 93. 
\-'\'<1?0 
A b o v e-
" 
.BA iz:s.o 
- "  .";;> R\. 
\-\.'(�; 
" 
0 .�S <t,.-,.c 
.� Ii.SO .4'2. 0 R;i' 
1-l'<f'O 
,'10 ({SO 
. ;ts " \(_\ �'(1?0 
+ 1 /'"'-� 1 rvys I f\ 
c\ t> '\ r <". t' S - - - J  
,Sr..a,,,,:::; 1.41/' ao;o 
,'1 °"R'I' .  � , \. \ R.r µ"(\)O 1-\'\'f.'Oll 
• lo\ l).LS.O !> A 
AO.. aso .fc:I (SO 
• 7 t:>. �,T 
1-1'<� 
A A 3 ,1'2. QSC \R.'i <ISO 
.'l '\2:-r ,L\1.i""R;; - 1-\'(\>0 \-\'-(PD 
r: � - (\ A \, 0 v e_ - I ' y-, � \ >(\ ') s I -
-t-' .- i <:. �� J_ ( o p t -<: 1 :;  
r� .. -
____ j - ____ ___ L_ 
f i 
I 
_ o.  1""  <150 -, ':> <ISO 
.sii. ,�,. '\ ,\;)c. RI 
�XPO l-l'<t>O 
"' Cl /J ,t;;' (JSO \ ,c aso \ .Cl a">-o 
:_$ ,Ql/><l'i>U 
·� 
'2. ,Cl - <?SO 
" s c. 1 .0 1-L\ 1--'-Yf'O RI \-l.'{QO 
A Lt lA"-\ S ( r -e  e vi v111 e. 0<.S '-'- r <: v"' e v · 
I /\ ,p r t� M  ) i o�i- e r �  
() . _/  ( 30 ) 
F' igure 1 1  
i--- --- -· --------- ·-·- .. 
I 
---r----t----+----1----+----l----l--- --- -- 1---- - ---- 1-- ---··· 
y,•_ --·--+---·- ----
--j,----t----+-----+-----l----1-----1 -- ----- ----·- · - --------- l-�-- 1 - ----· ·  
. 
---;;-----+-....... ----1'.-lr"-' rt'\ I 
e 
. \.).);-- --i----+-- -1, .1----1---+-�- - - Cb--- ------ --------- - --- -
-r-� - -- - --
· · · - -· - - · ·-
- __ L__ ___ -
0 v._ � :s- � c:.  T :  -Y-B 
-�·'' f t  'ky p-t,'­
�e o t. o 
- -� 0 rt hi f-.?--. 
�() x o 
� G t..'i t' '(_,,.. 
•1/ � o  l� " � o 
Z , -z.  f..o 
. �  r+ h�F 
1. l X o 
.b r t 
� y  j!-!'l. 
. La. t o . 'i t o L 1 x o 
\ . � r t  k't�� . -i_  , +  \ . S ,.- t ky f!L\. 
�'{� 
£ . L (. o 
1 i 
l 
- 7; o I 'Y / t ky f �... 7ig" r + r- y � 
"l ·  z. 1(" 6  
\ ,� ( +­ i . S rt kyft.'\. 
A b o v e... -+i A J. 1 A <JS 1 "-
cl � "\ r � (:' S 
�'{ P--"- . 
A 'ti o v e. T · v-" � \ '.' ':i s. ; (\ 
-p ·· i <:. vV> c&. t o p t 't' J 5 
;J .  � A J'-.-0 
, 
S A  t 1  
. � � • (  
J ' ) x o  
I r i . !,. y-�i  
1 
, , ., l( d  
. �  ( {- .  ,-) 1 
V'- 'f  �Ht ( 
A '- t 1A.i>-\ S c r -c e vi  v1'1 e "'-S u. r e •"' ev' i 
I /\  f ( ; S .-vl  J i o\> °t � f S. 
( J l )  
F igure 1 2 
;--- - ---- ---
--1----- r------lf --- ---
�-,_•,�----t-- --1 -
- -----l----l- -----1( .11---+-----1-- -Cb-<---c 
I
- ------ · - --
I\� 
'"' 
{i)-- \--- -----��-t-----r-----1f--------+-----l----+----- 1 ---1------ · --·----- ---
,---i\ • 
1-l 
I 
n_--1\ _ 
1 \ . 
t> 
• ··1 ¢'.'t<.' 
/7�1><0 
J ' \Llo I<.\ .-- \11.\PCP .. i ' \ , \ .�<> ifV:O , . ,'(,i0 �1 i 1 -i I - i.:11.1 P6'R 
A b o v e.. 
' I 
\ ' \'(__"' <t,v:o 
v 
\ • 'l.lo 171'? 
+ \ {\. J I f\JJ'S 
r\ e c, r <". i.-' S  - - l . 
0 
t .�l.s> (!\(Q 
0 
, \ \,\ R! 
\.l\..\�{<., 
0 
\ ,'C-Jl-\ '1'.w 
I A 
.'2(«-"i 
'--'-�-l't.O 
f.> -'.?..� G'.'1:0 
."E'\� 
\o\'i<'"-('-
I 
'2 (f <t..:o 
c. .'/..<:., Q.\ 
\-\"l ()r;_f.<_ 
A "o __ o v e_ r. y-, & \ '."' CJ s ; (\ 
--p ·- i '> VlA  c.1Z l o p -t -e 1 s 
A Lt \/\v-\ 'S c. r -e e vi  VV1 e «.S 1Ar e"1'H• 
I /\ r ( t 5 •'V1 ) \ 0�-;- e .f $. 
I, I ST O F  FIGURES AND TABLES 
1 .  Hugorm i e r  w s sugge s t e d  po s it ions for 
th e card inal pos it ions of ga z e  • • • • • • • • •  4 
2 .  Auth or ' s  re c or d ing f orm • • • • • • • • • • • • • • • •  6 
J . Al ignment : S catter of points • • • • • • • • • • •  1 1  
4 .  Strab i smometer and targe ts • • • • • • • • • • • • •  1 3  
5 .  Bal l and s oc k e t  d ev i c e  • • • • • • • • • • • • •  & • • •  1 3  
6 .  Auth or ' s  l ight sourc e  arrangement • • • • • •  1 5  
7 - 1 2 .  Sub j e c t data she e ts • • • • • • • • • • • • • • • • • • • •  26 - 3 1  
'l'ab l e  1 D i fferenc e s  betwe en measurements 
r e c orded on the r e c ord ing form 
and measurements taken d ire c tly 
from th e screen • • • • • • • • • • • • • • • • • • •  20 
( 3 2 )  
l 
2 
B I BLI OGRAPHY AND FO OTN OTES 
Hugonn i e r , H. . , Hugonn i.er , S . , and S .  11r o u tman , 
Strab ismu s  H e t erophor ia , Ocular IVlotor 
Paralys i s , S t . Lou i s , c . v .  M o sby C o . , 1 9 69 
Gr i f fin , J . R  • •  B ino c u l ar An omal i e s  Proc e dures 
for V i s ion Th erapy , , C h i c •go � Ill . Pr ofe s s .  
Pre s s  Inc . , 1 97 6 ,  pp . 2 1 - 2 3 . 
3 
I b i d . 2 
J aqu e s  D iagno s t ic S c opes , Mfg . by S . A .  Asqu ith 
C o . , 2 4 3 9  Fl e t ch e r  Dr . ,  Los Ange l e s  3 9 ,  
Cal ifornia . 
5 , 6 
Ib i d . 2 
G r if f in ,  J . R . , S trab i s rn i c  Dev i at i on s -Sub j e c t ive 
Measurem ents w i th th e H e s s -Lanc a s t e r  Test . 
Opt . We ekly , pp . 2 1 - 24 ,  January 2 9 , 1 97 6 ,  
Ero c e dure s for T e s t ing 
B & L AUTOPLOTTOC , 
Ivlanual . Opt . 4L-1- 0 , 
o f  Opt ome try . 
C entral F i e l d s  u s ing th e 
Lab orat ory Operat i on 
Pac i f i c  Univers i t y  C ol l e ge 
()3 )  
